Abstract. Synthetic basis functions method (SBFM) is adopted to analyze the scattering properties of array antenna's structural mode. SBFM is a high order approach of method of moment (MoM) which uses synthetic functions in place of RWG functions to discretize integral equations. Compared to standard MoM, SBFM can decrease memory cost and improve efficiency. Especially for periodic structures, synthetic functions defined on different elements can be reused which will drastically improves efficiency. So, SBFM is perfectly suitable for the analysis of array antennas. Based on this, two typical array antennas are analyzed with SBFM and results validate the approach's accuracy and efficiency.
Introduction
Accurate scattering analysis of array antennas is an appealing and difficult topic in computational electromagnetism. Classic numerical approaches on this topic include floquet mode (FM) [1] , finite array green's function (FAGF) [2] , and method of moment (MoM) [3] . However, although FM and FAGF exhibit high efficiency in large scale array, they are difficult to yield a satisfying accuracy. In comparison, MoM has a high accuracy but is hardly applied to the analysis of large scale problems due to the restrictions on computational complexity O(N 3 ) and memory cost O(N 2 ). To improve MoM's drawbacks on computational scale and efficiency, synthetic basis functions method (SBFM) [4] - [8] catch our attention.
SBFM is based on sub-domain decomposition and was first presented by Matekovits et al. in 2001 [4] . It caught much attention after its systematical representation published in 2007 [5] . Introducing the concept of degree of freedom (DOF) [9] , synthetic functions in SBFM are generated from the responses of blocks to outer auxiliary excitations. Since synthetic functions are linear combinations of low order functions (e.g., RWG functions), they only relate to the triangular meshes defined on the surface of blocks. Thus, for periodic structures, synthetic functions defined on different sub-blocks can be set exactly the same since triangular meshes defined on the surface of these sub-blocks can be set exactly the same. In other words, for periodic structures, synthetic functions of SBFM only need to be calculated once which will greatly improve the approach's efficiency. Based on this, SBFM is perfectly suitable for the analysis of array antenna. In this work, SBFM is adopted to accurately calculate structural mode of 2 typical array antennas and numerical results validate high accuracy and efficiency of this approach.
SBFM on Scattering Analysis
Surface integral equations (SIE) are usually adopted in scattering analysis of structures. Since it is difficult to solve these SIEs directly, MoM uses a series of low order functions to discretize the unknown vectors and to make inner products which transforms a vector integral equation into a scalar matrix equation. For a specific problem, the scalar matrix equation changes with the medium of the target which can be found in paper [8] . For the sake of brevity, the paper takes PEC bodies into consideration. The problems of dielectric and mixed bodies are similar to that of PEC bodies. Final scalar matrix equation for PEC bodies are written as
Where Z 0 is the wave impedance of free space; f represents RWG function defined on the surface of targets; E inc is the outer excitation.
Unlike MoM, in SBFM, synthetic functions, which are linear combinations of low order functions, are adopted to discretize the unknown vectors and make inner products.
Where F and f represent synthetic functions and RWG functions defined on sub-block b; M b and N b are the numbers of F and f respectively; [P] is the expansion coefficients of F.
Using F to discretize surface electric currents, it will be
Where y u is the current coefficients of synthetic functions. Thus, final matrix equation of SBFM is written as
Where Besides, Eqs. (4), (5) tell that, in SBFM, the core is the construction of synthetic functions. Usually, solution space of synthetic functions is obtained by computing responses of blocks to auxiliary excitations and SVD is adopted to extract information of synthetic functions from the solution space. The auxiliary excitations, as is shown in Fig. 1 , defined around a specific sub-block are used to approximate the coupling effects coming from other sub-blocks.
Unlike MoM, SBFM tackles a whole target block by block which leads to a much lower memory cost with respect to MoM. Taking sub-block 1 into consideration, denote solution space of synthetic functions defined on the block by R 1 . Then, for PEC bodies, generating formulation of R 1 is written as
To fully describe the properties of solution space R 1 , synthetic functions need to meet two basic conditions: 1) Synthetic functions should be independent of each other so that information carried by them does not overlap.
2) The number of synthetic functions should be extensive enough to fully describe the information of R 1 . SVD is used to extract information of synthetic functions from R 1 and the concept of truncation error ρ SBF is introduced to control the number of synthetic functions.
Where ρ is the singular value matrix of R 1 and ρ 1 >ρ 2 >…>ρ N . Since the column vectors in U are independent of each other, they can be set as expansion coefficients of synthetic functions. Moreover, the number of synthetic functions is M 1 if ρ M1 /ρ 1 <ρ SBF . Then, the top M 1 columns of U are expansion coefficients of these synthetic functions.
Thus, expansion coefficients matrix of synthetic functions defined on sub-block 1 can be written as
For other sub-blocks, the process of constructing synthetic functions is similar to that of the first one.
Having got the expansion coefficients [P], it is easy to construct synthetic functions according to Eq. (2). Then, solving Eq. (4), current coefficients of synthetic functions [Y] will be available. Finally, based on Eq. (3), surface currents will be got and it will not be difficult to analyze electromagnetic properties of the target based on these surface currents.
Numerical Results
Two examples are given here for validation. Bistatic RCS are computed using SBFM. Besides, results of MoM and commercial software Feko are also given for comparison.
Example 1 is a 3×5 array composed of half-wavelength dipole antennas as shown in Fig. 2(a) . Row and column gap of the array are both 0.8λ. Incident wave is a plane wave coming from +x axis and polarizing +z axis. Frequency of incident wave is 1GHz. After triangulation, there are totally 3600 RWG functions defined on the structure. Bistatic RCS are shown in Fig. 2(b) and computational properties are shown in Table 1 . From the results we can see that SBFM not only has a satisfying accuracy but also exhibits high advatages in terms of memeory cost and efficiency. Example 2 is a linear array composed of 5 Yagi antennas as shown in Fig. 3(a) . Size of each antenna is 180mm×150mm. Incident wave is a plane wave coming from +y axis and polarizing +z axis. Frequency of incident wave is 2GHz. After triangulation, each antenna is divided into 1464 triangular meshes and 2364 RWG functions are defined based on them. Set ρ SBF =0.01, the number of synthetic functions defined on each sub-block are 42. Bistatic RCS of this array are calculated by Feko, MoM, and SBFM, as shown in Fig. 3(b) . Fig. 3(b) exhibits that results of SBFM agree well with that of MoM and Feko. Besides, we can see from Table 2 that memory cost of MoM is too large for a personal computer. However, with SBFM, computational properties are greatly improved not only in memory cost but also in elapsed time. 
